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L*invemion concseme im pneiM ct un di^Mfidr pour luber im puits. nolamnient un puia de fon«e ptooUcr, ou une caiuIisauoiL tu 
moyen d'tme prefonnc tubultiie touple. diudnable In tvec inttoduction de U prfifonne dm le puits ou dim la emlisation 1 1 '^ut 
longitudiiulenient itplid, puis ddplicment pv gooflise hydnulique de U prtfonne ct tpplicttioD de la pmi contit ccUe du puitt ou de la 
caiuiisttion^ et enfm dunricsement de la prtforme. Caafomaom I r iaventioii. la pff<fbnne (8) est mUtet dam un founeau imoviUe (6) 
qui est rigide ou scmi-rifide en direction kmgitudinale, mais est d^fonnable ndialeinem. et la mtse en place de la pftfforme dans le ouitt 
ou la canalisation se fait aloa qu'elk est contenue dans ion founeau (6). ce demter «tant s^ de U pftforme et itttrf du putu ou de la 
canalisation en fin d'opdiatioo, TOhage des puiu et des canalisations, mftme foitement dtfvids. notamroent dans Tindustrie pteolitit 
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PROCEDE ET DISPOSITIF POUR TUBER UN PUITS. NOTAMMENT 
UN PUITS DE FORAGE PETROLIER. OU UNE CANALISATION, 
AU MO YEN D»UNE PREFORME TUBULAIRE SOUPLE, 

DURCISSABLE IN SITU 

La pr6«nie invention conceme un procddtf pour tuber un puits. notammem 
un pmts de forage p^tiolier. ou une canalisation, telle qu'un gazoduc ou un olfodue par 
exemplc. au moyen d'tine prfforme tubulaire souple. durcissable irLSitu. par exemple 
tbermodureissable. 

L'invenUon conceme dgalement un dispositif permettant de mettre en 
oeuvre ce procddd. 

Dans la pr6sente description, et dans les revcndications. on entendni par Ic 
tcnnc "tuber" I 'action de consoltder un puits. ou une canalisation, nouunment en vue dc la 
rtfparer. en en rev«tant la paroi d'un tube rigidc. encore appel<< tubage ou chemisage. 

Par le terme "prdforme" on entendra une structure tubulaire qui est 
mitialement souple et d^formable et qui. une fois placte dans la zone du puits 4 consoli- 
der. est mise en forme cylindrique. appiiqutfe contre la paroi du puits ou de la canalisa- 
Hon. puis dureie pour sc licr intimcmcni et k demeure k cette paioi. constituanl ainsi le 
tubage ou chemisage. 

Ptour Ic tubage d 'un puite de forage p^trolicr, ainsi que pour des applica- 
uons similaires. il a d^k 6U proposd des prifomies lubulaires souples el durcissables 
desuntfes 4 «tre mises en place h Tttai replitf longitudinalement - 6Uil dans iequel ellcs 
possfedcnt un encombrcmcnt radial faiWc - puis k Hit diplKes radialemeni. par appLca- 
Mon d-un gonnagc hydraulique interne. Selon cette technique, qui est noutmmeni ddcriic 
dans les documents FR-A-2 662 207 et FR-A,2 668 241. la pr^forme posside aprfcs 
ddplicment (ou diploiemcnt) radial, une forme stiictement o lindrique. de diamitre bien 
d^iermintf. 

Un autre type de priformc connu. qui fait nouunment I'objet de la 
demande de brevet intemaiionale WO.94/25655. au nom de la demanderesse. posstdc 
une structure tubulaire qui comprend un tressage de mtehes souples. compostfes dc 
fibres, qui s'enircaotsenl avec un certain jeu. de sorte que la structure peut s Vxpanscr 
radialement tout en se restreignant en direction a.^iale sous I'effet de Tapplication d'unc 
surpiession 4 Pinttfrieurde la prtffonne. 

Ainsi. I'expanaon de la pr^fonne peut se faire en deux tapes successives 
d'abord par dtfpliement. puis par expansion radiate ; on obtient ainsi un degnf d'ex- 
P4ns,on ncitemcnt supdrieur 4 ceux obtenus avec les prfformes souples meniionnees plus - 
haut. cc qu. pcimct d-introduire la prtfoime dans le puits k tuber, et Tamcncr en la zone 
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souhait^, en la faisant traverser des ouvenures de Taible dimension, par exemple des 
conduits rigtdes d6jk en place dans le puits. a>-ant un plus petit diam^tre int^rieur. 

CeUe technique connue est tris intdressante, dans la mesure ou die permet 
de boucher des perroiations apparaissant dans un puits de production, sans qu'il Taille 
5 reti rer le tubage dijk en place, et par consequent sans **tuer le pui ts**. 

II est apparu ndanmoins des dirficultfo pour mettre en oeuvre cette 
technique lorsque le puits est fortement d6vie« c*e$t-^-dire poss^de un axe formani un 
angle 6\ev6 par rapport h la verticale» voire est horizontal. 

En effet« lorsque le puits est vertical, ou sensiUement vertical, la prdfonne 
10 est naturellement rectiligne (sous TefTet de la gravity) et elle descend rdguliirement dans le 
putts au cours de sa mise en place. Toutefois. elle risque d*£tre endommagde par suite des 
frottements contre les parois du puits ou Ics dirfdrentes restrictions se trouvani sur son 
passage. 

En outre, si le puits est ddvitf, ou prdsente des coudes, la prdforrne se 
IS ddforme en raison de sa souplesse, et se posi ttonne incorreciement dans I *a.\e du puits, ce 
qui provoque des frottements, voire des risques de blocage au cours de son enroncement. 

La mise en place de la prtf forme dans un puits fortement devie ou 
horizontal est done dSicatc, et mcme impossible dans certaines configurations. 

L*invention vise k rdsoudre ce problime, en proposant un procddd de 
20 tubage d*un puits ou d'une canalisation au moyen d*une prdforme tubulaire soupic, 
durcissable in situ, qui putsse dgalement s*appliquer sans problimes k des puits ou des 
canalisations non verticaux ou ayant une surface intdrieure risquant d*endommagcr la 
prdforme. 

Comme dans les procddes connus, on introduit la prdforme dans ie puits 
25 ou la canalisation k Pdtat longitudinalement replid, puis - lorsqu'elle y a 6x6 correctement 
positionnde • on la ddplie par gonflage hydraulique pour lui donner une forme sensible- 
ment c>'lindrique. on Papplique contre la paroi du puits ou de la canalisation, et on 
provoque le durcissement de sa paroi. 

Le pTOc6d6 qui fait Tobjet de Tinvention est remarquable par le fait 
30 qu*a%'ant d*introduire la prdfonne dans le puiu ou la canalisation, on Tins&re (provisoire- 
ment) dans un founreau amovible, qui est rigide ou semi-rigideen direction longiiudinaJc, 
mais est ddformable radialement, et qu*on met cn place dans le puiu ou la canalisation la 
prdforme contenue dans son fourreau, ce dernier dumt ensuite - en cours d*operation - 
separ^ de la prfforme puis - en fin d*op6ration retina du puits ou de la carudisation. 
35 La prdforme se trouve done prisonni^re du fourreau, et soutenue par lui, 

durant touie la phase de sa descente dans le puiu ou la canalisation. Ainsi cetie descente 
se fait sans difficultds. meme si Ic puiis ou la canalisation est fortement devie, voire 
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honzonial. ou prtsentc une surface de risquant d'aWmer la prtformc. De prtf.5rence 
le fourrcau prtsente une cenaine flexibili... qui autorise des pa,cou« courbes aZT 

Dans u„ mode prtK«ntiel du pioc6d^. on insire ia prtfonnc paniclJemen, 

5 it^ueur^"' * '"^ ^'^"'^ 

pomon de pr^fonne qui d^passe du founeau. et on I 'applique conue la paroi du puiu ou 
de h canal.sa.ion pour obtenir zone d'ancmge. aprt, quoi on «cu«t le founeau par 
traction veis I'anAn (c'est-lniin vers ia sorUe du puits). 

> J1 s'aPP'ique particuliftremenl bien i une prrffome qui aprts 

sW avaniaf"" " «^'d"isation de la pr^forxne par n.ppon au fourreau 
opire avantageusement par suite du d^pliemem nKlial de ia portion de la pr<fom,c 
15 oon^nue dans le founeau. apr*s quoi s'op^rent successivemen. le retrait du f J^ncI" 
I expansion radialc de cecte meme ponion. 

L'invenUon concede d^alcment un dispositif pour tuber un puits 
ncuan^^en. un puiu de fo«ge p..,olier. ou une canalisation, au moyen d«une prdfonne 
'0 T •^^^^ «^-«i-issable UUM, c^e. p^rorlle ..nt 

longuudinalement ei un tftat d^pli^ sensiblement cylindrique. ^ 

nose d. la nr^r ^"^'''^ remanjuable par le fail qu'il comporte un <quipcmen. de 
pose de la prtfo™,e. n^onri , 1 'extr.mi.d d une tige de commande tubulaire de«in6c , « irc 

*> «»Wlage de pose et de contrNe ponant la pr,5fonne. aptc 4 foumir 4 
ccHe-c. le n„ide hyd„ulique sous pression „6cessaire 4 son d.p,ien,ent. .ulTcl 
cchdant. 4 son expansion radiale. ainsi que PA^rgie thennique ndcessaire au durcisse- 
ment de sa paroi ; 

b) un founeau amovible solidaire de I'extrAnit^ de la tige. 4 Tiniericur 

duq«eles,ensen6eaumoinspaniellemenilaprtfonne.e.q«ies.rigideouse^^^^^ 

dH^ect«)no«g«udinale.maises,ddfornu.blenKlialementde^^^ 

preionne lorsquc celle-ci se trouve 4 Pdiatdiplit 

Put ailleurs. selon un certain nombre de caracttfrisuques additionnelles 
a*-antageuses, non limitaUves de rinvention : 

nr.ro ' »P'*^ * *'o»>rir pour iibirer la 

prdrorroeaucoursdcsonddplicment: la 
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- la prdfonne est solidaire d*un manchon int^rieur arrachabie, radiaiemeni 
expansible par gonflage hydraultque, & I'intdneurduquei esi inlroduit le liqutde hydrauli- 
que foumi par Toutillage de pose ci de contrMe ci senant i d^piier la prcformc. cc 
manchon <tant ddgonfltf et s^pard de la prironme, en Tin d*opdration. puis retire du puits 

5 ou de la canalisation en m6nie temps que I *outillage et le Tourreau ; 

- la prfforme est thermodurctssaUe et, son chaurrage est rtdl\s6 par effet 
Joule, par rintermfdiaire d*un c§ble dlectrique ddrormable, ce dernier dtant stocks sous 
un faible encombrement dans une douille qui est interpose enire Textrif mit< de la tige de 
commande et I 'outillage et est solidaire dudit fourreau amoviUe ; 

10 -ce cable a une longueur sensiUementdgale&cellede la prtfonnemise en 

place ; 

• la prdronne est dfpliable et ladialement extensible ; 
■ la prdforme comprend un liessage de m&ches souples s'enu-ecroisant 
avec un certain jeu, de telle sone quelle peut s*expanser radiaiemeni tout en se rcsirci- 
15 gnani en direction axiale. le matdriau constitutifde la prdronne 6iant une risine polymdrisa- 
ble k chaud. dans laquelle est noyd ledit tressage ; 

" le manchon int^heur armchable, radialement expansible, comprend 
^galement (comme la prdrorme) un iressage de m^ches souples enu-ecrois^es apics k 
$*expanser radialement tout en se restreignant en direction axiile, et qui sent emprison- 
20 n^es cntre des p«iux int^rieure et ext6rieure souples, ccnaincs dcsdiics mtehcs ^lant 
rcmplacdes par des Tils conducteurs d*dlectncit^, aptes h chauffer la pr^forme par effet 
Joule, qui sont connectds dectriquement audit cSUe. 

D'auu-es caractdristiques et avantages de rinvention apparaftront de la 
description et des dessins annexes qui en repr^ntent un mode dc realisation prcfcrcniiel. 
-5 Sur les figures : 

- la Hgure 1 est une vue gdndrale sch6matique d'unc insudlation de tubage 
mettant en oeuvre le pioc&16 de I 'invention ; 

- la figure 2 est une vue gdndialc. partiellement coup6c, dc Tdquipemenl de 
pose dc la prdforme ; 

30 • la figure 3 reprdscnte un tressage dc mfeches souples entrccroisees. 

constituuves de la structure de la prdfonne et du manchon qui scrt k Texpansion de la 
prdfonne ; 

- la figure 4 est une coupe transversale sch^matique du manchon et de la 
preforme k I *6tat longitudinalement replies : 

35 - la figure 4A est une vue analogue h la figure 4, leprfeenumt Tcnsemble h 

rciatddplid; 
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u. » .J 'V'*"'* ^ " ^A. reprcsentani 

I ensemble & I Vtat d^plitf et radialement expanse : 

- la figure 5 est une vue scMmatique. en coupe longitudmale dc 
I en«mbleconstitu(S parlaprdfonncctsonnianchonintdrieuranachable : 
5 - la ngure 6 est un d<f tail & plus gnmde tfchelle de la zone de la paroi de la 

prtfoime et du manchon qui est rffAencte VI A la figure 5 ; 

"^""^ ^' ^' " **** scWmaUques 

s.m. aires 4 la figure 2. desUn^es i illustrer les diff^renies topes successives de la mise 

en ptece d un lubage dans un puits de fo^ge p^trolier conform^mcnt i rinvention. i 
10 1 aide del'installaUonde la figure 1: 

- les figures II et 1 1 A sont des coupes trans^ ersales correspondant 
rcspecuvemem au plan de coupe X I de la figure 7 et XI A de la figure 10. ces vues ton, 
desun^ i Illustrer la fa^on dont la prtfonne se disolidarise de son fou„«u lorsqu'elle 
passe dertotreplidir^taicylindiique. 

'* fi?"^*!'™* a d^^siFn-S par la rdfdrcnccP la paroi d-unpuitsde forage 
patrohcr. dont unc zone C doit «.re tubde ; la paroi C est par exempic une canalisation 
peiforic. Pbur y acc^er il faut passer dans une restriction R. 

L-installation de tubage. gtfnUralement ddsignic par la rif<5rence I 
comprend de manifcre connuc. une tfite de puits 12. une Uge de cdmmamie flexible et 
ubulaire 13 comportant un cfiWe <lectrique int<rieur. un manchon de guidagc 1 1 de cettc 
uge - ™eni ap^l^ "sas" - ct un dispositif 10 servant . pousscr la Uge ,3 dans Ic 
sas 11 cl dans le puits P. 

^'""*"'»*^"'''««»<^'»»i?e<le«>mmandeI3estpour>ued-unequipement 
de pose de la pr^forme. rdterencd 2. Cet .quipement est consti.u^ essentiellemen. d une 
douiHc olindnque 4 fix^e 4 1-extr^mit^ libre de la tige 13. d'un fourreau rigidifioitcur 6 
cc.xi^.,adoui,le4etso.idairedecetted«^^^^^ 

log^ dans le founeau. et accol^ k la douille 4. et d'une pr^fomte souple 8 destin^c 4 
raise en place dans le puits pour le consolider. 

^ ^ ^ expanseur intdrieur arrachaWe 9 

qu eneentoure. comme cela est d6j4 connu par le WO-!W25655 ddji cit6 et. commc cela 
sera d&nt plus loin en rtf<5re«ce notamment aux figures 5 et 6. L'ensemWe pr^fonne 8 / 
manchon int^rieur 9. initialement coherent, est rtff^rencd 7. 

L'enseroble 7 est enserr<5 dans le fourreau 6. et reienu par friction 4 
'•"f""^«»««'"i<i-C*tU.frictio„maintient^gal«^^^^ 
35 amdrccontre la douille 4. .p«u»-i-«: 

^" ' obturd 4 ses extremit^s par des bouchons y> U 

bouchon 92 toume vers 1 'arriire. c'est-4^ire vers la sortie du puits. est traverse par un 
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conduit 30 qui le reiie k routillage 3. Ce demier comprtnd des moyens apies k rerouleri^ 
rim^heur du manchon* via le conduit 30» un fluide sous*pre$sion Toumi au dtspositif 
depuis la surface. c*esl-^-dirc depuis la tSte de puits 12 au moyen de la tige de commande 
tubulaire 13, ou par pompage du liquide du puits grftce k un dispositif de pompage 
5 contenu dans Touttllage 3. 

Par atlleurs, I 'installation comprend un c&Ue dlectrique S, qui passe dans 
la tige tubulaire 13» et est connects 61ectriquement k 1 'outillage 3. par I *intenn6diaire d'un 
c&ble souple SO. Ce <kniier est enroul^ ou repti< sur lui-m£me» pour pr6senter un faible 
encombrement. et il est log£ dans une cavity fonnant rteeptacle pt6\i»t dans la douille 4. 

10 Les cables S et 50 servent k alimenter en decuicittf. via routillage 3, 

TensenFible prdfomie - manchon expanseur intdrieur, afin d*y g^nim par effet Joule la 
chaleur ndcessaire au duicissement de la parol de la pniforme, comme ceia sera expltqud 
plus loin, ainsi qu*& foumir Tdnergie de pompage de routillage 3 et d'alimenter tous les 
syst&mes de contrOle ndcessaiies &]uipant cet outtllage. 

15 Bicn entendu, le courani ^lectrique est Toumi depuis la surTace. a partir 

d*un gendrateur situ^ k rext^rieur du puits, reli^ au cSUe 5 aprfes sa sonie du dispositif 
10. 

Comme on le voit sur la figure 2, rensemble 7 constitud par le manchon 9 
et la pr^forme 8 n*est pas compl^tement insM k rini6rieur du fcTUiteau 6. 
-0 On a d£sign£ par la rdfircnce 71 la portion de cet ensemble qui sc trouve h 

rint^rieur du fourreau» et par la r^fdrence 70 la portion depassante, cxidrieure au 
founreau. 

La panic extdrieure a une longueur Lo sensiblcmcnt plus petite que la 
longueur Li de la partie int^rieure 71. A cet ^gard. il convient de remarquer que cetic 
25 partie 7 1 a ^t^ raccourcie artificiellement sur le dessin (figure 2), pour ne pas en affectcr ta 
lisibilitd. 

A litre indicatif, la longueur Lo est de I'ordre de Im, la longueur L] de 

rordre de 10 k 30m, et la longueur L2* qui correspond au reste de r^quipemeni (douille 

4 et outillage 3), de rordre de 4m. 
30 Comme on le voit sur la figure IL le fourreau 6 est une envcloppc 

tubulaire cylindrique fendue. c*est-^-dire incomplitement ferm^e. Cetie enveloppc. 

realis^c par exemple en mdtal ou en mattire plasttque, possMe une certaine rigidity 

longitudinalc, mais est facilement d^formable radialement dans le sens de son ou\ enure. 

comme on le compiend .ais6ment k la simple comparaison des figures 1 1 et 1 1 A. 
35 Dans une variante, on pourrait relier les bords en regard de la fente de 

renvcloppe par des attaches pouvant se rompre facilement au-dcia d'un certain seuil de 

prcssion interne. 



WOMai083 

PCT/FR95/0I651 



10 



IS 



20 



25 



30 



35 



De prfr^rence. I'enveloppe est relativement flexible ce qui lui pcnnei lout 
en ngidinani convenablemcnt rcnsemWc 7 en diiection axiaJe. de suivre des irajectoires 
non reculignes (coudes ei courbes). par ddToimaUon latfrale. 

Dans J -exemple illustnS aux flgures 3 a 6. la pi^onne 8 el le manchon 
inidncur 9 possident tous deux une structure siroilaire. compos^e d'un tressage de fibres 
souples entrecroisies tel que ceiui dtoit dans le document WO.94/25655 prtot^. 

Au besoin on pouira se reporter k cette publication, dent on consid<(rera 
qu elle fait partie de la pr^te description pour rinteiprttaUon de rArticle L.612-5 ler 
alinda. du Code de la Propri^t^ Inldlectuelle. 

On rappelera. en r^fdrence k la Hgure 3. que Ics mtehes souples soni 
rtparues en deux series 700. et 700b entrelacdes. formant une structure tubulaire 
deTotmable. 

U structure peut Ctre replite longitudinalemcnt. puis - sous I'effet d'une 
pression interne - €tre "mise au rond". c'est-^ire confonnde en cjlindre par ddpliemem. 

Si elle est ensuiie soumise k une pression interne plus <5lev<e. on observ e 
un deplacement relatif des deux series de mtehes. ce qui entralne simultandment une 
expansion radiale et un raccourcissement longitudinal de la structure. 

Les miches souples soni forniifes de fibres a>'ant une bonne r&istance 
mfeuiiquc 4 la traction, par exemple de fibres de carbone ou de verfe. et jouent le r«e 
d annature dtformable pour la prt forme et/ou pour le manchon expanseur de la prtfomic 

Les figures 4. 4 A et 4B repnSsentent respcctivement I •cnseraWc 7 k V6m 
repl.^ longuudinalement. pour presenter une dimension transversale faiWe. ce mcmc 
ensemble - rdf<5renc« T • mis au rond. de diamfttre D,. e. enfin ce m6me ensemble 
- riferenc^ T' -kVim radialement esponsd. de diamfttre Dj sensiWement supdrieur a D, 

U diamftire et I expansibiliti ladiaie de la pnJforme sont choisis pour que 
Dj coiresponde au diamfttre de la zone k tuber. 

Comme le montrent les figures 5 et 6. la prdforme tubulaire souple 8 
posside une paioi 82. en matifere initialement fluide. dans laquelle sont novdes des 
structures tubulaires concentriques tressto 700. U matifere Huide est une rdsine 
s> nthcuque. thermoduicissable par polymerisation k chaud. La prdforme est pour> uc 
d'une peau exidrieurc 80 prdsentant une face exieme munie de depressions 801 ei de 
rel,efs802 qui favorisent son anciage contre la parol du puiis et amdiiorem Vimch6it€. 

Le manchon intdneur arrachable 9. qui est appdd "matrice" dans le WO- 
94/25655 d6jk citd. possfcde une peau imdrieure 91 et une peau extddeure 90. toutes deux 
en matcnau souple et dIasUque, entre lesqtKls se trouvenl la structure ddformable tressde 
700. L'mterfacc entre la peau exteme du manchon et la parol iniddeure 91 de la prdfonne 



8 

8 est traits, par exemple par enducuon de silicone, pour qu*il y ait peu d*adh6rence entrc 
ces deux parties. 

La pr^forme 8 entoure intimement le manchon tnt^neur 9qui, comme dijii 
dit. est obtur^ h ses deux exir^mtt^s, de manifere ^tanche. par des bouchons 92. Le 
5 manchon 9 est Ttx^ k la pr^fonne 8 au moyen de manchettes d*extr£mit^ 93, qui 
possMent des zones affaiblies 94, susceptibies de se rompre facilement L*introduction 
d*un nuide hydraulique k Tint^rieur du manchon* en vue de son gonflage el - corr^lative- 
ment du gonflage de la prdforme - se fait, comme dijk dit, par une tubulure 30 qui 
d^bouche dans le manchon et une ou plusteurs ouvenurts SOOde passage du fluide. 
10 L*outillage 3 comporte une ou plusieurs vannes approphdes, pouvant €tre 

command^ depuis la surface, permetiant d*effectuer le gonflage et le d^gonflage du 
manchon, en contrdlant la pression durant ropdration, ou un dispositif de pompagc 
r^alisant la m6me fonction au moyen du liquide du puits. 

Certaines des mtehes 700 du manchon sont remplacdes par des conduc- 
ts teurs ^lecuiques (flls chauffants) relics dleccriquement au cible SO. Ainsi, le chauffage du 
manchon int^rieur el, corr^lativement, de la pr^forme peul eire commande aussi depuis la 
surface, par alimentation ^iectrique des dibles 5 et SO. 

Nous alions maintenant ddcrire une operation de mise en place de la 
prdforme 8 dans une zone C du puits. 
20 L*enscmble 7 form^ par la pr^forme et le manchon se trouve k 1 *^tat repli^ 

longitudinalcment, tel que celui repr6sent6 aux figures 4 et 1 1. Dans cet ^tat. il s*inscrit 
dans un cyiindre de diam&tre Do correspondant sensiblement au diam^tre inidrieur de 
Tenveloppe fendue 6 (voir figure 1 1). 

Ce diam^tre Do est plus petit que le diam^ire des diffdrenis conduits ou 
2S autres restrictions R situ^s dans le puits, en arriire de la zone k tuber 

Comme d6}k dit. seule une partie dc longueur riduiie, en Toccurrence la 
partic 70, de TensemUe 7 d^passe du fourreau 6. Par consequent, la pr^forme est 
soutenuc sur la plus grande partie de sa longueur et possMe (avcc son fourreau) une 
rigiditc suffisante fx>ur autoriser sa progression r^gulifere k Tinlerieur du puits. meme si 
30 ccl ui-ci est totalement ou en partie d^vi^. 

La tfite de pose 2, et la pr^forme, vont done fitre pouss^es pr la tige de 
commande 13 dans le puits, et s*y enfoncer progressi vement, comme cela est sj-mboiis^ 
par la fltehe F aux figures 7 et 8. La tige creuse 13. de pr^fdrence en acier, possMe une 
bonne rigidite axiale. qui lui permet de pousser sans probl^me la t£te 2 dans le puits. 
35 Neanmoins elle est suffisamment flexible pour sui vre les coudes ou autres courbures du 
puits. 
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perfonuions. ou aut«s ouvenurcs O. qu'on se propose dc «co«vrir par le .ubage c'^. 
a-dire par la prefonne polymdrisee. 

On ccsse d'enfonccr la l«te 2 dans le puits. lorsque la partie dipassame 70 
5 arnve jusce au^eli dcs ouvertures O. position qui conespond , celle illustr^ , ,a figure 

Des moyens de contiOle approprids. connus en soi. soni privus. qui 
pcrmeUentdcrtaJiscrcebonposiiionnemenL 

Par gonnage hydnwlique interne, la partie dipassanie 70. et ceue partie 
10 s^menu es. .out d'abord „ise au rond. puis dilate ladialement. pour prendre le 
diamfctieDj.quicorrespondaudiamfctreint^heurdupuiis. Prenare le 

1 expansion radiaie se fassent priorilairement sur la portion 70. 

Ainsi. par exemple. il est possible d'entourer la partie 71 par des liens 
iS annulaires dont ,a r^.tance ™^ique est suffisante pour .n,^„ |e d^^em d^ 
cette portion sous I 'acuon d'une pression interne mod^rde. mais toutefois suffisante pour 
provoquerladUfonnationdelaporuonlibre7a 

On obtient ainsi un anciage de la portion 70 contre la paioi du puits en 
avant des perforations O (voir figure 9). • «'a«puiis.en 

0 L-augmcntation de la pression de gonflagc provoquc la rupture des liens 

«.nula.res assun«. ,a contention de la portion 7i. Ainsi. on obUent un d^pHement J^ J 

figure' Z " " "^""^ '"'"'^"^ "'^"'^ ^' 

5 conf • " <«Plien.ent. le fourreau fendu 6 s ouvre ct prend unc 

5 «»Mra«onenfonneg<n<raledeU.r<f<renc6e6'iklafigureUA. 

II resie soUdaiie. par son extrfmitd amftie. de la douille 4. 

Dans cette configuraUon. le fourreau est fadlement extractiWe. ei peut 

tTn^^TT' ^"^''^^ ' Cette t^Uon. symboL 

^'»n*^C*'afi?«rel2s'accompagned-unemiseso.«ttacUondelapartiedcdlble 

du fonrr^. , ^ ^ ^'"P'*'' <^'e ^0 Correspond au rctrai. comple. 

du fourreau. la longueur du dWe ^t choisie pour co^espondrc . ,a longueur du 
tubage. U retrait se fait facilement. car la prtfforme est ancr^ dans le puits. 

Une fois que le fourreau dtfformd 6' a 6t€ complitement reurd de la 
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Toute la pr^fonne vient alors s*appliquer intimemeni conire la paioi du 
puics C. en recouvrani les perforations O. 

De mani^re connue, tout en maintenant le manchon sous gonflage 
hydraulique, on provoque alors la polymdhsation par erret Joule de la r^ne constituant 
5 la prdfonne. par alimentation diectrique des Tils chaurfants prdvus dans le manchon. 

A Tissue de la polymdrisation, on d^gonde le manchon 9, qui se separe de 
la prdfonne durcie - devcnue tubage 8' • par rupture des manchettes 93 (figure 14). 

On erreccue ensuite une nouvelle traction G * sur la tige 13, laquelle est 
toujours solidaire de la douille 4 et du Touireau ouvert 6* ainsi que. par Tinterrnddiatre du 
10 cable tendu SO, sur I 'outi llage 3 ct le manchon ddgonfli 9 (voir Figure IS). 

L'ensemble peut 6tre ainsi retir6 du puits. 

DifTi^rentes formes de rourreau.\ rigidincateurs amovibles pourraient fitre 
pr^vues ; ce Fourreau doit etre d*une bonne rigidity longitudinale tout en possfcdant la 
souplesse n^cessaire k son passage dans un sas non rectiligne. II doit s*ou\ rir facilement 
15 pour libdrer la prdfonne et son ^paisseur doit etre faible pour limiter son encombrement 
radial. 

• < 

Par ailleurs il doit pouyoir se referrner lors de son passage k travers les 
restrictions R en vue de son enlevement, grSce k une forme appropriee* par exemple 
l^g^rement conique. 

-0 Le diam&tre et rapiinide k la dilatation radiale de la pr^fonme eu corrdlali ve- 

ment, du fourreau seront choisis en fonction des conditions r^llcment rencontrdes. et en 
particulier du diam&tre de la zone de puits k tuber. A titre tndicatif, et non limitaiif, la 
dimension diam^trale Do de la pr6rorme k Vim repli^ pourra eire dc Tordre de 60 5 
100mm, son diamfetre Di "mis au rond" sera dc Tordre dc 90 ^ 150mm. ei son diamdire 

25 D2k\ *<3tat expanse sera de Tordre de 170 k 220mm. 

La technique qui fail Tobjet de la prdsente invention s applique avantageu- 
sement k une pr^fonme souple k la fois d^iaUe et radialement expansible ; on ne sortirait 
toutefois pas du cadre de rinvention en Tappliquani k des prdformcs simplcmenl 
ddptiaUes, mais non extensi bles telles que celles d^rites par exemple dans les documents 

30 FR.A-2 662 207 et FR.A-2 668 241 dijk cit&. 

La pol>'m6risation de la pr6forme n*est pas c4>Iigatoirement faiie par effet 
Joule. Elle pounrait tire obienuc par d*autres moyens de chauffage, en particulier par 
introduction d*un liquide chaud dans la prdforme, ce liquide pouvant du reste £tre le 
meme que celui qui sert la gonfler. 

3^ La portion d*extr6mit6 libre de la pr^forme, destine k rdaliser son ancrage 

initial, pourrait avoir une ddformabilitd plus grande que le reste de sa paroi, par exemple 
par adoption d'une dpaisseur de paroi plus faibic ou du choix d'une maiifcre differenie, 
Ceci permetiraii de s^aTf ranchir des liens de contention donl il a dte fait dtat plus haut. 
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REVENDICATIPNS 



1 . Proc«< pour tuber un puits. notatnment un puiis de forage pdtrolier 
ou une canalisation, au moyen d'une prifomie tubulaire soupie. durctssable msSH selon 
lequel on introduit la pr^orme dans le puits ou la canalisation A I '^tai longitudinalement 
repW. puis - lorsqu'ellc y a iii corrcctcment positjonnde - on la dtfplie par gonnage 
hydiaulique pour iui donner une fonne sensiWement cyiindrique. on I'applique cootre la 
paiD, du puits ou de la canalisation et on provoque le duicissement de sa paioi. caiactdiis* 
par le fait qu'avant d'intioduire la prifonne (8) dans le puits ou la canalisation on 
rinsfere dans un fourrcau amovible (6). qui est rigide ou scmi-rigide en direction 
long.tud.nale. mai, est dtformaUe radialement. et qu'on met en place dans le puits ou la 
canaLsauon la prdforme (8) contenue dans son fourreau (6). cc dernier Aant ensuite 
sdpartf de la pr^fonne (8) et retiri du puits ou de la canalisation. 

2. Pxxx6d6 selon la revendication 1 . eanctirise par le fait que la prtfomie 
(8) est ins^ partiellement dans le fourrcau (6) dc telle sone que son extr6roit< libre 
ressortfi de eel ui-ci sur une certaine longueur (Lo) . . 

3 . Proc&l.; selon la revendication 2. canicidristf par le fait que dans un 
premier temps on d^piie ladialemem uniquement la portion de prtfforroe qui dtfpasse du 
fourreau (6). et on I 'applique centre la paroi du puits ou de la canalisation, pour obtenir 
une zone d'ancrage. aprfes quoi on extiait le fourreau (6) par tiaction (G) veis 1 'anifere. 

4. Ptoc6d6 selon Tune des revendicaUons 1 h 3. atactiiiU par le fait 
qu on utilise une prrffomie (8) qui. aprte d^iement radial, et mise en forme cvlindrique. 
est expansible radialement par gonflage hydraulique. 

5 . Procidd selon la revendication 4. caiactdrisd par le fait que la dcsolidari- 
sation de la prtfforme (8) par rapport au fourreau (6) s-opftre par suite du ddpliement 
ladial de la portion de la prdforme contenue dans le founeau (6). apris quoi s opirent 

success. vement rarracheroent du fourreau (6) et I'expansion radiate de ladite portion de 
prdforme. 

6 . Dispositif pour tuber un puits, notamment un puits de forage p^trdier 
ou une canalisation au moyen d'une prtfforme tubulaire soupie. dont la paroi est 
Aermodurcissable iaatu, cette pnffonne dtant radialement ddbtmaUe sous I'effet d'une 
pression hydraulique interne entre un im replid longitudinalement et un itai diplii 
sensiblemcnt cyiindrique. caracuirisd par le fait qu'il comporte un 6|uipement (2) de pose 
dc la pn^onne (8). moni6 i VtxtttmiU d'une tige de commande tubulaire (13) destine i 
&trc introdulte dans le puits (F^ ou dans la canalisation depuis une tftte de puits (12). cct 
^quipement comprenant : 
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a) un outiliage de pose et de contr6le (3) portant la prdfomie (8), apie ^ 
roumir k celle-ci le fluide hydraulique sous pression n^cessaire k son ddpliemenu et 
I *energie thermique ndcessaire au durcissemenl de sa paioi ; 

b) un fourreau amovible (6) solidaire de rextr^mild de la tige (13). k 
5 rinierieur duquel est enserr6e au moins partiellement la prdforme (8). et qui est rigtde ou 

semi-rigide en direction longitudioale. mais est dtfonnable radtalement de sorte qu*il peut 
6tre retirf de la pn^ronne (8) lorsque oelle-ci se trouve ft I '^tat d<plid 

7 • Dispositif selon la revendication 6. caract£ris< par le Tait que ledit 
fourreau amovible (6) est un lube Tendu. apte ft s*ouvrir pour lib^rer la pr^rorme (8) au 
10 couis de son d^pliement 

S . Dispositif selon Tune des revendications 6 ou 7, caractdrisd par le fait 
que la pr^forme (8) est solidaire d'un manchon intdrieur arrachable, radialement 
expansible. (9), ft rintdrieur duquel est tniroduit le liquide hydraulique fourni par 
Toutillage de tubage (3) et servant ft d^piier la prtforme (8), ce manchon (9) ^lant 
15 d^gonfl^ et s^pard de la prfforme (8) en Tin d*op^ratton« puts retire du puits ou de la 
canalisation en meme temps que Toutillage (3) et le founeau (6). 

9 • Dispositif selon Tune des revendications 6 ft 8, caractdris^ par le fait 
que la prfforme (8) est thermodurcissabie, son chauf f age ^tant r€a\is6 par effet Joule par 
rinterm^diaire d*un cftble ^lectrique dffonnable (SO), ce demFer 6tant stocks sous un 
20 faiblc encombrement dans une douille (4) qui est interpos6e entre I *e.\trdmiltf de la tige de 
commande ( 13) et Toutillage (3) et est solidaire dudit fourreau amovible (6). 

10. Dispositif selon la revendication 9, caract^ris^ par le fait que iedit 
cable (50) a une longueur sensiblement ^gale ft celle de la prfforme (8') misc en place. 

« 

.11. Dispositif selon la revendication 10, caract^ris^ par le fail que la 
25 prfforafic (8) est d6pliable et radialement extensi blc. 

12. Dispositif selon la revendication 11, caract6ris^ par le fait que la 
prdforme (8) comprend un tressage de mtehes souples (700) s'entrecroisant avcc un 
certain jeu, de telle sorte qu*elie peut s*expanser radialement tout en se restreignant en 
direction axiale, le matdriau consiitutif de la prdforme ^uint une rdsine (82) polym^risablc 
30 ft chaud, dans laquelle est noy^ ledit message (700). 

13^ Dispositif selon les revendications 8 ft 12 prises en combinaison. 
canicteris6 par le fait que ledit manchon (9) comprend ^galement un tressage de mdches 
souples entrccrois6es (700) apies ft s*expanser radialement tout en se restreignant en 
direction axiale^ et qui sont emprisonn6es entre des peaux int^rieure (90) et exterieure 
35 (91) souples, certaines desdites m^ches ^tant remplac^es par des . His conducteurs 
d *dicctrici td aptes ft chauffer la prfforme par effet Joule, qui sont connect^ diectriquement 
audit c&ble (50). 
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METHOD AND DEVICE FOR CASING A WELL, 
PARTICULARLY AN OIL WELL BORE OR A PIPE, 
USING AN IN SITU CURABLE FLEXIBLE TUBULAR PREFORM 

The present invention concerns a method for casing a well, particularty an oil well bore or 
a pipe, such as a gas pipeline or an oil pipe line for example, using a flexible tubular preform that 
is curable in situ, for example by thermosetting. 

The invention also concerns a device that enables this method to be implemented. 

In the present description and in the claims, the term "casing" will be understood as being 
the action of strengthening a well, or a pipe, particularly for repairing it, and by lining the wall of a 
rigid tube, also called lining or cured-in-place pipe. 

The tenm "prefomi" is understood as being a tubular structure that is initially flexible and 
deformable which, once placed in the area of the well to be strengthened, is made cylindrical in 
shape, applied against the wall of the well or pipe, then hardened so that it binds closely to and 
remains on said wall, thus comprising the lining or cured-in-place pipe. 

For casing an oil well bore, as well as for similar applications, flexible curable preforms 
have already been proposed that are intended to be installed when longitudinally folded - a 
condition in which they take up a small amount of space radially - then are radially unfolded by 
application of an intemal hydraulic inflation. According to this technique, which in particular is 
described in the documents FR.A-2 662 207 and FR-A-2 668 241, the preform has a strictly 
cylindrical shape of specifically determined diameter after being radially unfolded (or deployed). 

Another known type of preform, which is the subject of the international patent application 
WO-94/25655, in the name of the applicant, has a tubular structure of braided flexible strands, 
composed of fibers, which are interiaced with a certain spacing so that the structure can be 
expanded radially while being restricted in the axial direction by the effect of the application of an 
overpressure inside the prefomn. 

Thus, the expansion of the preform can be done in two successive stages, first by 
unfolding, then by radial expansion. In this way a degree of expansion is achieved that is cleariy 
greater than those obtained with the above-mentioned flexible preforms, which allows the prefonn 
to be inserted into the well to be cased, and to take it to the desired area 
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by making it pass through small openings, for example rigid conduits already in place in the well 
and that have a smaller Inside diameter. 

This known technique is very attractive in that it makes it possible to plug holes that 
appear in a production well, without having to withdraw the casing already in place, and 
consequently without "killing the well." 

However, there are difficulties in implementing this technique when the well is highly 
deviated, that is, it has an axis forming a sharp angle to the vertical, and can even be horizontal. 

Indeed, when the well is vertical, or appreciably vertical, the preform is naturally 
rectilinear (under the effect of gravity) and it descends steadily down the well while it is being 
installed. However, it risks being damaged by friction against the walls of the well or from the 
various restrictions found in the passage. 

Moreover, if the well is deviated or has elbows, the prefomn is deformed because of its 
flexibility, and it is positioned incorrectly in the axis of the well, which causes friction and even risk 
of blockage when it is being sunk. 

The installation of a preform in a highly deviated or horizontal well is therefore awkward, 
and even impossible in certain configurations. 

The invention intends to solve this problem by proposing a method and device for casing 
a well or a pipe, using an in situ curable flexible tubular preform that can also be applied with no 
problem to non-vertical wells or pipes or those that have an interior surface that could risk 
damaging the preform. 

As with known methods, the preform is inserted into the well or pipe in the longitudinally 
folded condition. Then, when it has been properly positioned, it is Inflated hydraulically to give it 
an appreciably cylindrical fomn, it is applied against the wall of the well or the pipe, and its wall is 
cured. 

The method according to the invention is notable in that, prior to inserting the prefomi into 
the well or pipe. It is inserted (temporarily) into a removable sleeve that is rigid or semi-rigid In the 
longitudinal direction, but is radially deformable, and the prefonn contained in its sleeve is placed 
inside the well or pipe, said sleeve then, during the operation, being separated from the preform, 
and at the end of the operation, being removed from the well or pipe. 

The prefomn is therefore enclosed in the sleeve during the entire phase of the descent 
into the well or pipe. Thus, this descent is done without difficulty, even if the well or pipe is highly 
deviated, or even 
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horizontal, or has a wall surface that risks ruining the prefonn. Preferably, the sleeve has a 
certain flexibility that enables it to follow curved or elbowed routes. 

In one preferential mode of the method, the prefonn is partially inserted into the sleeve so 
that its free end emerges from the sleeve a certain distance. 

In this case, at first only the portion of prefomn protruding from the sleeve is radially 
unfolded and applied against the wall of the well or pipe to obtain an anchoring area, after which 
the sleeve is extracted by drawing it back (that is. toward the well head). 

This method applies particularly well to a preform which, after being radially unfolded and 
given a cylindrical shape, is radially expandable by hydraulic inflation. 

In this case, the separation of the preform from the sleeve is perfonned advantageously 
after the radial unfolding of the portion of the preform contained in the sleeve, after which the 
withdrawal of the sleeve and the radial expansion of this same portion are performed 
successively. 

The invention also concerns a device for casing a well, particularly an oil well bore or a 
pipe, using a flexible tubular prefom), the wall of which is thermosetting in situ, this prefomi being 
radially defomnable under the effect of internal hydraulic pressure between a longitudinally folded 
condition and an appreciably cylindrical unfolded condition. 

This device is notable in that it has equipment for installing the prefonn. mounted at the 
end of a tubular control shaft intended to be inserted into the well or the pipe from a wellhead, this 
equipment being composed of: 

a) an installation and control tool canying the prefonn. suitable for providing the preform 
with the pressurized hydraulic fluid needed for its unfolding, and when applicable, its radial 
expansion, as well as the thermal energy needed for the thermosetting of its wall; 

b) a removable sleeve integral with the end of the shaft, inside which the preform is at 
least partially confined, and which is rigid or semi-rigid in the longitudinal direction, but is radially 
deformable so that it can be withdrawn from the preform when the latter is in its unfolded 
condition. 

Moreover, according a number of additional advantageous, non-limiting characteristics of 
the invention: 

- the removable sleeve is a split tube, capable of opening to release the preform during 
its unfolding; 
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- the preform is integral with an interior extractable sleeve tube, radially expandable by 
hydraulic inflation, inside which is introduced the hydraulic liquid furnished by the installing and 
control tool and serving to unfold the preform, this sleeve tube being deflated and separated from 
the prefonm at the end of the operation, then removed from the well or pipe at the same time as 
the tool and the sleeve; 

- the preform is themiosetting and is heated by the Joule effect, by means of a 
defomnable electrical cable that is stored in a small space in a shell that is Interposed between the 
end of the control shaft and the tool and is integral with said removable sleeve; 

- this cable has a length that is appreciably equal to that of the installed prefomi; 

- the preform is unfoldable and radially extendable; 

- the preform has a braiding of flexible strands that are interlaced with a certain spacing, 
in such way that the preform can be radially expanded while being restricted in the axial direction, 
the material comprising the preform being a heat-curable resin in which said braiding is 
embedded; 

- the extractable interior sleeve tube, radially expandable, also (like the preform) has a 
braiding of interlaced flexible strands that can be radially expanded while being restricted in the 
axial direction, and which are enclosed between flexible interior and exterior skins, some of said 
strands being replaced by electrical conducting wires - that can heat the preform by the Joule 
effect - which are electrically connected to said cable. 

Other characteristics and advantages of the invention will appear from the description 
and the attached drawings that represent a preferential embodiment thereof. 
In the Figures: 

- Figure 1 is an overall diagrammatic view of a casing installation implementing the 
method of the invention; 

- Figure 2 is an overall view, in partial cross section, of the equipment for Installing the 
preform; 

- Figure 3 represents a braiding of interiaced flexible strands that comprise the structure 
of the preform and of the sleeve tube that is used for the expansion of the preform; 

- Figure 4 is a diagrammatic transverse cross section of the sleeve tube and of the 
preform in the longitudinally folded condition; 

- Figure 4A is a similar view to Figure 4. representing the assembly in the unfolded 
condition; 
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- Figure 4B is a view similar to Figures 4 and 4A. representing the assembly in the 
unfolded and radially expanded condition; 

- Figure 5 is a diagrammatic view, in longitudinal cross section, of the assembly 
composed of the prefonm and its extractable interior sleeve tube; 

- Figure 6 is a larger scale detail of the area of the wall of the preform and of the sleeve 
tube that is referenced as VI in Figure 5; 

- Figures 7, 8, 9. 10. 12. 13. 14 and 15 are diagrammatic views similar to Figure 2. 
intended to illustrate the different successive stages of the installation of a casing in an oil well 
bore according to the invention, by means of the installation of Figure 1; 

- Figures 11 and 11A are transverse cross sections corresponding respectively to the 
cross section plane XI of Figure 7 and XIA of Figure 10. these views being intended to illustrate 
the way in which the prefomt is separated from its sleeve when it changes from the folded 
condition to the cylindrical condition. 

In Figure 1, the reference P designates the wall of an oil well bore, one section C of 
which must be cased; the wall C is for example a perforated bore. To access it. the restriction R 
must be passed through. 

The installation of casing, generally designated by reference 1 . includes in a known way 
a wellhead 12. a flexible tubular control shaft 13 having an interior electrical cable, a guide sleeve 
tube 1 1 for this shaft, and a device 10 used to push the shaft 13 into the guide sleeve tube 1 1 and 
into the well P. 

The free end of the control shaft 13 is provided with preform installing equipment, 
referenced 2. This equipment is composed essentially of a cylindrical shell 4 attached to the free 
end of the shaft 13, a stiffener sleeve 6 coaxial to the shell 4 and integral therewith, an installation 
and control tool 3 housed in the sleeve and attached to the shell 4, and a flexible preform 8 
intended to be installed in the well in order to strengthen it. 

The prefomi 8 is canied by an extractable interior expander sleeve tube 9. which the 
prefomi encloses, as is already known by WO-94/25655 as cited above and as will be described 
further on in reference particularly to Figures 5 and 6. The prefonn 8/lnterior sleeve tube 9 
assembly, initially coherent, is referenced as 7. 

The assembly 7 is enclosed in the sleeve 6 and held therein by friction. This friction also 
holds the tool 3. which is applied by its rear face against the shell 4. 

This assembly 7 is closed at its ends by plugs 92. The plug 92 oriented toward the rear, 
that is toward the wellhead, has a 
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conduit 30 passing through it which is connected to the tool 3. This tool has means capable of 
forcing back inside the sleeve tube, via the conduit 30. a pressurized fluid supplied to the device 
from the surface, that is. from the wellhead 12 by means of the tubular control shaft 13. or by 
pumping the liquid from the well by a pumping device contained in the tool 3. 

Moreover, the facility has an electric cable 5 which passes into the tubular shaft 13 and is 
electrically connected to the tool 3 by a flexible cable 50. The latter is wound or folded so that it 
takes up little space, and it is housed in a cavity formed in the shell 4. 

The cables 5 and 50 are used to supply electricity, via the tool 3, to the prefomn - interior 
expander sleeve tube assembly, in order to generate by the Joule effect the heat required for 
curing the wall of the prefomi. as will be explained further on, as well as to fumish the pumping 
energy for the tool 3 and to supply all of the necessary control systems equipping this tool. 

Of course, the electrical current is supplied from the surface, by a generator situated 
outside the well, connected to the cable 5 after it exits the device 10. 

As can be seen in Figure 2. the assembly 7 composed of the sleeve tube 9 and the 
preform 8. is not completely inserted inside the sleeve 6. 

The reference 71 designates the portion of this assembly that Is located inside the sleeve, 
and reference 70 designates the portion that protrudes outside the sleeve. 

The external part has a length Lo that is appreciably smaller than the length L, of the 
interior part 71. In that respect, it should be noted that this part 71 has been artificially 
foreshortened in the drawing (Figure 2). in order not to affect the legibility. 

By way of example, the length U is on the order of 1 meter, the length Lt on the order of 
10 to 30 meters, and the length L2. which coresponds to the rest of the equipment (shell 4 and 
tool 3). on the order of 4 meters. 

As can be seen in Figure 1 1 . the sleeve 6 is a cylindrical tubular jacket that is split, that is. 
not completely closed. This jacket, which for example can be made from metal or plastic, has a 
certain longitudinal rigidity, but is easily deformable radially in the direction of its opening, as can 
be easily understood by comparing the Figures 1 1 and 1 1 A. 

In one variation, the edges facing the split of the jacket can be joined by fasteners that 
can break easily when a certain threshold of internal pressure is exceeded. 
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Preferably, the jacket Is relatively flexible, thus allowing it to follow non-rectilinear paths 
(elbows and curves) by lateral defomiatlon, while still advantageously stiffening the assembly 7 in 
the axial direction. 

In the example Illustrated in Figures 3 to 6, the prefonn 8 and the interior sleeve tube 9 
both have a similar structure, composed of braided flexible interlaced strands as described in the 
above-mentioned document WO-94^5655. 

If needed, reference can be made to this publication, which shall be considered to make 
up part of this description by interpretation of Article L.612-5. 1st paragraph, of the Intellectual 
Property Code. 

It will be seen. In refen-ing to Figure 3. that the flexible strands are distributed in two 
Interlaced series 700a and 700b, forming a deformable tubular structure. 

The structure can be folded longitudinally, then - under the effect of an Internal pressure 
- "made round," that is, formed into a cylinder by unfolding. 

If it is then subjected to a higher internal pressure, a relative displacement is observed of 
both series of strands, which simultaneously results In a radial expansion and longitudinal 
shortening of the structure. 

The flexible strands are formed from fibers having good mechanical tensile strength, for 
example carbon or glass fibers, and they act as defonDable reinforcement for the prefonn and/or 
for the prefonn's expander sleeve tube. 

Figures 4. 4A and 4B represent respectively the assembly 7 in the longitudinally folded 
condition in order to have a small transverse dimension, this same assembly - referenced T - 
made round with diameter Di. and finally this same assembly - referenced T - In the radially 
expanded condition with diameter D2 appreciably greater than D^. 

The diameter and the radial expandability of the prefonn are chosen so that D2 
con-esponds to the diameter of the area to be cased. 

As Figures 5 and 6 show, the flexible tubular prefonn 8 has a wall 82. made of a material 
that is initially fluid, in which braided concentric tubular structures 700 are embedded. The fluid 
material is a synthetic resin that Is thermosetting by the heat-cure method. The prefonn Is 
provided with an external skin 80 having an exterior face furnished with depressions 801 and 
reliefs 802 which promote Its anchoring against the wall of the well and improve the seal. 

The extractable interior sleeve tube 9. which is called "matrix" in the above-mentioned 
WO-94/25655, has an intertor skin 91 and an exterior skin 90, both of which are made of a 
flexible and elastic material, between which the braided defonnable stmcture 700 Is located. The 
Interface between the external skin of the sleeve tube and the interior wall 91 of the preform 8 
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Is treated, for example by coating with silicone, so that there is little adherence between these two 
parts. 

The preform 8 closely sunrounds the internal sleeve tube 9 which, as already mentioned, 
Is sealably closed at both ends by plugs 92. The sleeve tube 9 is attached to the prefonn 8 by 
means of end collars 93, which have weakened areas 94 that can break easily. The introduction 
of a hydraulic fluid into the sleeve tube in order to inflate it - and correlatively to inflate the 
prefonn - is accomplished, as was already mentioned, by tubing 30 the end of which opens into 
the sleeve tube and one or more fluid passage openings 300. 

The tool 3 has one or more suitable valves that can be Controlled from the surface, 
making it possible to inflate and deflate the sleeve tube by controlling the pressure during the 
operation, or a pumping device perfomning the same function by means of the well liquid. 

Some of the strands 700 of the sleeve tube are replaced by electrical conductors (heating 
wires) electrically connected to the cable 50. Thus, the heating of the intemal sleeve tube, and 
con-elatively of the prefonn. can also be controlled from the surface by electrical supply of the 
cables 5 and 50. 

We shall now describe an operation to install the preform 8 in a section C of the well. 
The assembly 7 formed by the preform and the sleeve tube is in the longitudinally folded 
condition, as represented in Figures 4 and 11. In this condition, it represents a cylinder with a 
diameter Do that appreciably corresponds to the inside diameter of the split jacket 6 (see Figure 
11). 

This diameter Do is smaller than the diameter of the different conduits or other 
restrictions R located in the well, behind the area to be cased. 

As was already mentioned, only one part of the reduced length, in this instance the 
part 70, of the assembly 7 protrudes from the sleeve 6. As a result, the preform is supported for 
most of its length and it has (with its sleeve) sufficient rigidity to allow it to progress steadily inside 
the well, even If the well is totally or partially deviated. 

The installation head 2. and the preform, are therefore going to be pushed by the control 
shaft 13 in the well, pushing in progressively as symbolized by the arrow F in Figures 7 and 8. 
The hollow shaft 13. preferably of steel, has good axial rigidity which allows it to push the head 2 
in the well with no problem. However, it is sufficiently flexible to follow the elbows or other curves 
of the well. 

The wall of the well or pipe C has a certain area of perforations, or other openings O. that 
are to be covered by the casing, that is, the cured preform. 

The pushing of the head 2 into the well is stopped when the protruding part 70 reaches 
just beyond the openings O. which position conresponds to the one illustrated in Figure 8. 

Appropriate means of control, known in the art. are provided in order to accomplish this 
proper positioning. 
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By internal hydraulic infiation, the protruding part 70. and only this part, is first rounded 
out then radially expanded to the diameter Dj, which corresponds to the inside diameter of the 
well. 

Different means can be provided in order for the unfolding and radial expansion to be 
accomplished first on the portion 70. 

Thus, for example, it is possible to enclose the part 71 by ring-shaped ties the 
mechanical strength of which is sufficient to prevent the unfolding of this portion under the action 
of a moderate internal pressure, but still sufficient to cause the deformation of the free portion 70. 

Thus an anchoring is obtained of the portion 70 against the wall of the well, in front of the 
perforations O (see Figure 9). 

Increasing the inflation pressure causes the breakage of the ring-shaped ties that contain 
the portion 71. Thus, a radial unfolding and rounding of the preform portion 71 is achieved, which 
has a diameter Oi (see Figure 10). 

Following this unfolding, the split sleeve 6 opens and takes a generally U-shaped 
configuration, referenced as 6' in Figure 11 A. 

It remains integral, by its rear extremity, with the shell 4. 

In this configuration, the sleeve is easily extractable and can slide on the rounded 
prefomi by pulling it backwards. This pulling, symbolized by the arrow G in Figure 12. is 
accompanied by placing the part 50 of the cable under tension. 

The complete tensioning of the cable 50 corresponds to the complete withdrawal of the 
sleeve, the length of the cable being chosen to correspond to the length of the casing. The 
withdrawal is done easily because the preform is anchored in the well. 

Once the deformed sleeve 6' has been completely removed from the preform, the 
inflation pressure is increased to cause the complete radial expansion of the assembly 7. which 
assumes the diameter D, (Figure 13), while becoming shorter axially. 
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The whole of the preform is then applied closely against the wall of the well C, covering 
the perforations O. 

In a known way, while maintaining the sleeve tube under hydraulic inflation, the Joule 
effect is used to cure the resin the preform is made of. by supplying electricity to the heating wires 
provided in the sleeve tube. 

Upon completion of the curing, the sleeve tube 9 is deflated and separated from the 
hardened preform - which has become casing 8' - by breaking the collars 93 (Figure 14). 

New tension G' is then placed on the shaft 13, which is always integral with the shell 4 
and the open sleeve 6' so that, by means of the tightened cable 50 on the tool 3 and the deflated 
sleeve tube 9 (see Figure 15). 

The assembly can thus be removed from the well. 

Different fomris of removable stiffener sleeves could be provided; this sleeve should have 
good longitudinal rigidity while having the necessary flexibility for passing through a non- 
rectilinear chamber. It must open easily to release the prefomri. and its thickness must be small to 
limit the amount of radial space it requires. 

Moreover, it must be able to close up during its passage through the restrictions R in 
order to remove them, due to an appropriate shape, for example slightly conical. 

The diameter and the suitability for radial expansion of the prefomi. and correlatively of 
the sleeve, will be chosen based on the conditions actually encountered, and in particular on the 
diameter of the area of the well to be cased. By way of non-limiting example, 'the diameter Do of 
the preform when folded may be on the order of 60 to 100 mm, its "rounded" diameter Di will be 
on the order of 90 to 150 mm. and its expanded diameter D2 will be on the order of 170 to 220 
mm. 

The technique covered by the present invention is applied advantageously to a flexible 
preform that can be both unfolded and radially expanded; however, it would not be beyond the 
scope of the invention to apply it to preforms that can simply be unfolded but can not be 
expanded, such as those described, for example, in the above-mentioned documents 
FR-A-2 662 207 and FR-A-2 668 241 . 

The curing of the preform is not necessarily done by the Joule effect. This could be 
achieved by other heating means. In particularly by Introducing a hot liquid into the preform. This 
liquid could be the remainder of the liquid used to inflate. 

The portion of the free end of the preform, intended to provide for its initial anchoring, 
could have a greater deformability than the rest of its wall, for example by adopting a lesser wall 
thickness or choosing a different material. This would make it possible to release the ties 
mentioned above. 
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CLAIMS 

1 . Method for casing a well, particularly an oil well bore or a pipe, using an in situ curable 
flexible tubular preform, according to which the prefomrj is introduced into the well or pipe in the 
longitudinally folded condition, then - when it has been property positioned - it is inflated 
hydraulically to give it an appreciably cylindrical fomn. it is applied against the wall of the well or 
the pipe, and its wall is cured, characterized by the fact that prior to inserting the preform (8) into 
the well or the pipe, it is inserted into a removable sleeve (6) that is rigid or semi-rigid in the 
longitudinal direction but is radially defonmable. and the prefomi (8) contained in its sleeve (6) is 
placed inside the well or pipe, said sleeve (6) then being separated from the preform (8). and 
removed from the well or pipe. 

2. Method according to claim 1. characterized by the fact that the preform (8) is partially 
inserted into the sleeve (6) so that its free end emerges therefrom a certain distance (U). 

3. Method according to claim 2. characterized by the fact that at first only the portion of 
prefomi protruding from the sleeve (6) is radially unfolded and applied against the wall of the well 
or pipe to obtain an anchoring area, after which the sleeve (6) is extracted by drawing (G) it back. 

4. Method according to any of claims 1 to 3. characterized by the fact that a preform (8) is 
used that, after being radially unfolded and given a cylindrical shape, is radially expandable by 
hydraulic inflation. 

5. Method according to claim 4. characterized by the fact that the separation of the 
preform (8) from the sleeve (6) is perfomied after the radial unfolding of the portion of the prefomi 
contained in the sleeve (6), after which the stripping of the sleeve (6) and the radial expansion of 
this same portion of the preform are perfonned successively. 

6. Device for casing a well, particulariy an oil well bore or a pipe using a flexible tubular 
prefomn the wail of which is thermosetting insitu. this prefomi being radially deformable under the 
effect of internal hydraulic pressure between a longitudinally folded condition and an appreciably 
cylindrical unfolded condition, characterized by the fact that it has equipment (2) for installing the 
preform (8). mounted at the end of a tubular control shaft (13) intended to be inserted into the well 
(P) or the pipe from a wellhead (12). this equipment being composed of: 
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a) an installation and control tool (3) carrying the prefomi (8), suitat>le for providing the 
preform with the pressurized hydraulic fluid needed for its unfolding and the thennal energy 
needed for the thermosetting of its wall; 

b) a removable sleeve (6) integral with the end of the shaft (13). inside which the prefonn 
(8) is at least partially confined, and which is rigid or semi-rigid in the longitudinal direction, but is 
radially deformable so that it can be withdrawn from the prefomi (8) when the latter is in its 
unfolded condition. 

7. Device according to claim 6. characterized by the fact that the removable sleeve (6) is 
a split tube, capable of opening to release the preform (8) during its unfolding. 

8. Device according to either of claims 6 or 7. characterized by the fact that the prefonn 
(8) is integral with an interior extractable radially expandable sleeve tube (9), inside which is 
introduced the hydraulic liquid fumished by the casing tool (3) and serving to unfold the prefomi 
(8). this sleeve lube (9) being deflated and separated from the preform (8) at the end of the 
operation, then removed from the well or pipe at the same time as the tool (3) and the sleeve (6). 

9. Device according to any of claims 6 to 8. characterized by the fact that the preform (8) 
is thennosetting and is heated by the Joule effect, by means of a defonnable electrical cable (50) 
that is stored in a small space in a shell (4) that is interposed between the end of the control shaft 
(13) and the tool (3) and is integral with said removable sleeve (6). 

10. Device according to claim 9. characterized by the fact that the cable (50) has a length 
that is appreciably equal to that of the installed preform (8"). 

11. Device according to claim 10. characterized by the fact that the preform (8) is 
unfoidable and radially extendable. 

12. Device according to claim 11. characterized by the fact that the prefomi (8) has a 
braiding (700) of flexible strands that are interlaced with a certain spacing, in such way that the 
prefomi (8) can be radially expanded while being restricted in the axial direction, the material 
comprising the prefomi being a heat^urable resin (82) in which said braiding (700) is embedded. 

13. Device according to claims 8 to 12 taken in combination, characterized by the fact 
that the said sleeve tube (9) also has a braiding (700) of interlaced flexible strands that can be 
radially expanded while being restricted in the axial direction, and which are enclosed between 
flexible interior (90) and exterior (91) skins, some of said strands being replaced by electrical 
conducting wires that can heat the prefomi by the Joule effect, which are electrically connected to 
said cable (50). 



[see original for figures] 
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